Introduction
The purpose of this investigation w,as to examine a series of human rectal neoplasms with the electron microscope, in order to relate their ultrastructure to that of the normal mucosa. Two points were investigated: (1) The possible relationship between the malignancy of a carcinoma and its ultrastructure. (2) The possible difference betw,een familial polyps (Dukes 1952 ) and isolated adenomas.
Materials and Methods
Material for this investigation was taken mainly from two types of patient. The first group were those with carcinoma of tl4e rectum, from whom were taken specimens of the tumour and of the normal mucosa; if in these patients, as was occasionally the case, a polyp was seen, this material was taken also. The other group were those with familial polyposis and from these the material collected,was usually control mucosa and the polyps themselves; i,n one case a specimen of a carcinoma was also taken. One patient belonging to neither of these groups had only a rectal polyp. The number of specimens from which satisfactory electron micrographs were obtained is shown in Table 1 . Some of the specimens were taken by biopsy, others by dissection from the colon removed at operation. In the latter every attempt was made to get the material into the fixative as rapidly as possible. The material was fixed in the standard 1 % osmium tetroxide fixative buffered at pH 7 for about 2 hours. The specimens were dehydrated and embedded in Araldite. Sections were cut and stained either in lead hydroxide dissolved in methyl alcohol or in aqueous solutions of sodium plumbite (Karnovsky 1961) .
Since the size of the pieces of tissue embedded was small (0-5-1-0 mm) compared to the polyps or carcinomata, several pieces were taken at random. Largerpieces of the same material were fixed and stained for light microscopy.
Results
The structure of the normal human mucosa of the large intestine is similar at a cytological level to that of the mouse described by Hampton (1960) . There is also a close resemblance to the mucosa of the small intestine which has been examined in the electron microscope by many authors (Zetterqvist 1956 , Palay & Karlin 1959 , Shiner & Birbeck 1961 . Most of the results reported here concern the differences between normal and pathological mucosa. The cells of the intestinal mucosa appear to be of predominantly two types: cells whose free border is completely covered with microvilli and goblet cells. A recent study by Freeman (1962) using the electron microscope shows that intermediate appearances between these two types are possible and it is suggested that they are alternate phases of a cycle of secretory activity. Since the cells with microvilli are regarded as responsible for absorption in the small intestine, they will be referred to as absorbing cells in contradistinction to goblet or mucussecreting cells.
In all the carcinomata examined, there was a tendency for one cell type only to be present, the appearance of which was much closer to the normal absorbing cell than to that of the goblet cell. Even in the case of mucus-secreting carcinomata no typical goblet cell appearances were seen. The cytoplasm of the cells is filled with mitochondria. x 7,330
In one tumour, classed as a signet ring carcinoma, there did appear to be mucus droplets in the cells but the appearance of the cell did not suggest that synthesis of mucus was as active as in a normal goblet cell.
For a detailed description of the electron microscopical results, it is convenient to subdivide the cell into several components. Most of the following description applies to the absorbing type cells.
Nuclei: The nuclei of the normal mucosa of the intestine are of ovoid shape with their long axes running parallel to the long axis of the epithelial cell. A single small indentation (Fig 1) is not uncommon. The nucleoli are small and roughly spherical. The nuclei of the normal mucosa and of the familial polyposis group are similar. In the carcinoma series there is a tendencyforthenuclear indentations to be more numerous and deeper; in some cells this effect produces a lobed appearance. There is also a tendency for the nucleoli of the tumour cells to be larger and of a bizarre shape (Fig 2) . Modification of nuclear shape and nucleolar size was observed in about threequarters of the tumours. In some of the normal polyps there were nuclei with both a greater number of nuclear indentations and a hypertrophied nucleolus, but in other polyps the nuclear appearance was normal.
Mitochondria: The mitochondria of the normal epithelium of the intestine have a typical structure. They are moderately filamentous, and have an average number of transverse criste. The mitochondria in the polyps, and the control mucosa of the familial polyposis specimens are similar (Figs 1 and 3). Mitochondria with a blown-up appearance were sometimes seen in all these classes of specimens; it is probable that this is a postmortem artifact due to an insufficient rapid fixation of the tissue. In the carcinoma series this appearance was almost always seen and, since the general standard of fixation of other cellular com- ponents was good, it is assumed that there is a real difference between normal and tumour mitochondria. The tumour mitochondrion is not only spherical, it also contains fewer cristm and a less dense interior (Fig 2) . There is also the impression that the tumour cells contain fewer mitochondria.
Cell membranes: Since it has been proposed that one of the properties of the tumour cells is their reduced ability to adhere to each other, particular attention has been given to the appearance of the cell contacts in the carcinomata. In the normal mucosa the form of the cell contacts is complex and varies from point to point along the length of the cells. At the basal end of the cell, the contact appears to be poor and gaps may be seen between the two cell membranes of neighbouring cells (Fig 1) ; this area of poor contact is usually limited to about one-tenth of the total length of the cell. Over the remaining length contact is good and the two membranes are closely opposed and it is assumed that there is a layer of cell cement between. In the central region the two cells often interdigitate one with the other as though to in-crease their area of contact. Furthermore, in the apical region of the cell there are numerous desmosomes, assumed to be points of extra strong adhesion. These may extend to the central region.
No significant differences in cell contacts were seen in the control epithelium of familial polyposis or in familial or other polyps. Occasionally, polyps showed a slight increase in the extent of the gaps at the basal end of the cell, but in all cases extensive areas of apparently normal adhesion with well developed desmosomes were present.
The carcinomata had a different appearance. In the majority therewere large areas between the cells, suggesting reduced contact (Fig 2) . In all cases where an epithelial arrangement of cells was found desmosomes were still present. With the exception of one case, described as a signet ring carcinoma, a normal basement membrane surrounded the epithelial sheet. In the carcinomata microvilli were sometimes completely absent.
Cell granules: In addition to mitochondria, the cells contain many other structures: cytomembranes, Golgi membranes and vesicles, lipid granules and ribosomes are present. In some carcinomata the cytoplasmic pattern is variable, and since it differs from tumour to tumour no useful conclusions may be drawn. In the specimens from the polyposis patients, in both the control mucosa and the polyps, we have observed granules with a characteristic appearance (Fig 3) . These granules are only in the extreme apical region of the cell; they are spherical and about 021 in diameter. They have an outer phospholipid-type membrane and a homogeneous internal structure. There is some variation in the number in each cell; most cells contain a few, but some contain a great number. We have not seen any precursor granules, but an occasional elongated appearance might suggest that the granules are capable of division.
- Table 1 shows the frequency with which the granules were found in the various groups of specimens. The absence of the granules in three of the familial polyps may perhaps be explained by the failure to get adequate micrographs of the apical regions of the cells in these cases. The presence of the granules in one carcinoma is of interest since this occurred in a patient belonging to a family with a high incidence of intestinal cancer but not accompanied by polyposis.
The absence of any internal structure of these granules makes it unlikely that they are virus particles; moreover their size is larger than most viruses. Their appearance and their apical position in the cell would be consistent with that of secretory protein granules but precursor forms would then be expected. Leuchtenberger (1954) and Leuchtenberger et al. (1956) have described Feulgen-positive bodies in all types of polyps and in ulcerative colitiswhich might be related to these granules; however, the structures they describe are much larger, situated at the bAsal end' of the mucosa and often between the cells. We would agree with the views expressed by Fisher & Sharkey (1962) that the particles described by Leuchtenberger are fragments of degenerating nuclei. Mueller et al. (1960) have described three types of cytoplasmic granule in adenocarcinontata of the colon but none of these resembles the granules we are describing, which we have found associated with familial polyposis. Only 23 presacral cysts and tumours were found in the records of St Mark's Hospital during the past twenty years. They are important as the diagnosis and treatment are often difficult. The best classification seems to be that of Lovelady & Dockerty (1949) who divided them into four groups (Table 1 ). Inflammatory swellings have been excluded from this study.
The commonest symptom was pain over the sacrum. A sensation of rectal fullness, frequency of micturition and a discharge were common. Fifteen per cent were symptomless. The consistency of the tumour and radiological evidence of expansion or destruction of the sacrum and the presence of calcification in the tumour itself were sometimes helpful in diagnosis but in most cases a definite diagnosis could be made only after histological examination.
Probably all primary presacral tumours should be removed if possible. Chordomata are usually inoperable. Presacral cysts ought to be removed because subsequent infection may greatly hamper operation and malignancy may develop or be present already.
Congenital Anomalies Most of these presacral lesions fall into the congenital group. Dermoid cysts: Presacral dermoid cysts are thought to arise from ectoderm displaced at the time of fusion of different embryonic folds. There were 4 cases of presacral dermoid noted, 3 of them female. Their ages ranged from 41 to 63 years. Two were discovered on routine rectal examination, one a male, and the other a female who had had an operation for imperforate anus at the age of 11 months, some forty years before. Both were excised, one through the abdomen and the other through a perineal incision after removal of the coccyx. The third case has had a discharging sinus behind the anus since the age of4 years. This sinus communicates with an infected presacral dermoid cyst. She has been unwilling to consider surgery. The fourth case is of interest for since the age of 6 months she had had a discharge of pus from the rectum from an infected presacral dermoid cyst which communicated with the rectum. After forty years she developed a squamous cell carcinoma in this dermoid cyst and an abdominoperineal excision of the rectum was performed.
The size of these dermoid cysts varied from 4 to 10 cm in diameter. They were lined by a stratified squamous epithelium and contained hairs and sebaceous material. It is worth emphasizing that these dermoids are different from teratomata. An ovarian dermoid is a teratoma and it is unfortunate and confusing that the term dermoid is applied to ovarian teratoma.
Teratoma: The work of Nicholson (1950) and Willis (1960) has greatly clarified this confusing subject. A teratoma is a neo5lasm composed of multiple tissues of kinds foreign to the part in which it arises. It is a true neoplasm, i.e. it shows 
